Kilham rat virus (KRV) was found to grow in a rat nephroma cell line and to form plaques on secondary rat embryo monolayers. The virus was purified by enzymatic treatment and isopycnic cesium chloride sedimentation. KRV bands at a density of 1.41 g/cm3 in cesium chloride. It contains about 26.5% deoxyribonucleic acid (DNA). The sedimentation coefficient S2o, in sucrose gradients was 122 corresponding to a molecular weight of 6.6 X 106 daltons. The reaction of formaldehyde with the KRV virion suggests that the DNA in situ is single-stranded. DNA extracted from KRV had a buoyant density of 1.715 g/cm' in cesium chloride. The S20,W was determined in sucrose gradients to be 16, and the molecular weight was calculated to be approximately 1.7 x 106 daltons. The base composition of the DNA is 26.7% adenine, 30.8% thymine, 20.0% guanine, and 22.5% cytosine. On the basis of its noncomplementary nucleotide ratio, melting curve, and the reaction with formaldehyde, the DNA of KRV is believed to be single-stranded.
Kilham rat virus (KRV) is one of a group of small (15 to 30 nm) DNA containing animal viruses called the picodnaviruses (19) . Originally isolated from a rat sarcoma (11) , KRV was shown to be widely spread as a latent infection of normal rats (12) . The virus can produce an acute fatal illness or specific deformities of growth and development when injected into newborn hamsters (2, 16) . KRV produces intranuclear inclusion bodies in epithelial connective tissue and fibroblastic rat embryo cells. Rabson et al. (22) found that these intranuclear inclusions were feulgen positive, suggesting the deoxyribonucleic acid (DNA) nature of the virus. Jamison and Mayor (9) , using acridine orange staining techniques, and Robinson and Hetrick (23) , utilizing a variety of physical and chemical techniques, concluded that the DNA of rat virus was single-stranded. On the other hand, May and his co-workers (18) concluded on the basis of acridine orange staining, melting point, and effect of formaldehyde on the viral DNA that KRV contains double-stranded DNA. Our studies on the KRV-DNA, including the determination of the nucleotide ratio of the KRV-DNA, support its single-stranded nature.
MATERIALS AND METHODS
Virus and cell line. KRV strain 308 was originally obtained from L. Kilham . It was a gift from D. Axelrod. The virus was grown in a rat nephroma cell line obtained from Virginia Babcock (1) . The cells were grown in Eagles basal medium containing 4% glutamine and supplemented with 10% fetal bovine serum.
Virus purification. Monolayer cultures of rat nephroma in 32-oz (960 ml) prescription bottles containing about 30 X 106 cells were infected with 106 to 2 X 106 plaque-forming units (PFU) of KRV. After an adsorption period of 2 hr, at 37 C, 40 ml of fresh medium containing 5% fetal bovine serum was added. Five days after infection, the cells were removed from the bottles with 5 ml of 0.25% trypsin, washed, and resuspended in Eagle's basal medium. The cells were then frozen and thawed three times and treated with 1% receptor-destroying enzyme (Microbiological Associates, Inc., Bethesda, Md.) for 16 hr at 37 C. The suspension was centrifuged at 1,000 X g and 23 C for 5 min, and the supematant fraction was tested for hemagglutination (HA) activity and ability to form plaques on secondary rat embryo monolayers.
The supernatant fraction was then centrifuged in a cesiumchloride gradient (average density 1.41 g/ml) in a Spinco model L centrifuge at 35,000 rev/min and 5 C for 24 hr in a type 40 rotor. The peaks of HA activity were assayed for plaque-forming ability. The HA activity peak at a density of 1.40 to 1.41 which contained most of the infective virus particles was recentrifuged as above. The single peak of HA activity obtained was used for characterization of the virus and extraction of the DNA.
Preparation of radioactive KRV. Rat nephroma cells were infected as described above. After the 2-hr adsorption period, 10 ml of medium was added containing 40 ,uc of 3H-thymidine (specific activity, 20 c per mmole per mg; New England Nuclear Corp., Boston, Mass.) or 4 Ac of 14C-thymidine (specific activity, 60 mc per mmole per mg; New England Nuclear Corp.) per ml. After incubation at 37 C for an additional 4 hr, another 30 ml of medium was added to the culture. The cells were harvested, and the virus was purified as described above.
Assay for HA and hemagglutination inhibition (HI). 114 CHARACTERIZATION OF KRV HA was measured using twofold dilutions of virus in 0.2-ml volumes of phosphate-buffered saline (pH 7.4). This solution was mixed with an equal volume of 2% guinea pig red blood cell suspension. The point of partial agglutination was read after incubation for 1 to 2 hr at room temperature. The hemagglutination units (HAU) are defined as the reciprocal of the dilution causing partial agglutination.
Antiserum against KRV was purchased from Microbiological Associates, Bethesda, Md. It had a HI titer of 1: 320. An additional sample of antiserum with a HI titer of 1:10,240 was a gift from M. D. Hoggan. Inhibition of virus hemagglutination was determined by incubating twofold dilutions of antiserum with 32 HAU of virus in a total volume of 0.2 ml at room temperature for 60 min. A 0.2-ml sample of guinea pig red blood cells (2%) was then added. The mixture was then incubated at room temperature for an additional 2 hr. The titration end point was the lowest serum dilution showing HA.
Plaque formation. Cells (5 X 106) of secondary cultures of rat embryo cells in Eagle's basal media containing 10% calf serum and 4% glutamine were seeded in tissue culture dishes (60 by 15 mm; Falcon Plastics, Los Angeles, Calif.). When the cell cultures were confluent (24 to 48 hr after seeding), they were infected with 0.2 ml of virus dilution. Virus adsorption was continued for 2 hr at 37 C in an atmosphere of 3% carbon dioxide. Medium (5 ml) containing 0.9% agar was then added to each dish. The cultures were incubated for 5 days at 37 C in carbon dioxide atmosphere. A second 5-ml media-agar layer (as above, but also containing a 1:10,000 dilution of neutral red) was then added. The plates were reincubated, and the plaques were visible in 12 to 24 hr. The plaques were about 2 mm in diameter and increased in size with a longer time of incubation.
Chemical and radioactive analysis of KRV. Protein determinations were made by the method of Lowry et al. (14) with bovine serum albumin as the standard. DNA estimations were made by using Burton Triton X-100 scintillation fluid (20) .
Velocity sedimentation. Purified KRV (0.15 ml) plus 0.01 ml of simian virus 40 (SV40; gift of C. Patch) or polyoma virus (gift of N. Crane and P. Qasba) were layered on 11.0 ml of a linear sucrose gradient and centrifuged for 55 min at 40,000 rev/min and 20 C by using the type 41T rotor in a Spinco L2 ultracentrifuge. A gradient of 5 to 25% sucrose in 0.01 M tris(hydroxymethyl)aminomethane (Tris) 0.001 M EDTA (pH 7.4) was used. After centrifugation, 0.12-ml fractions were collected from the gradient through a hole punctured in the bottom of the tube.
Drops were collected directly into a counting vial.
Water (1 ml) plus a Triton X-100 scintillation fluid (10 ml) was then added to each vial.
Purified Few virus particles either intact or empty were seen.
Each sample from the cesium chloride gradient was also tested for its ability to form plaques on rat embryo monolayers. Eighty to ninety per cent of the viral PFU was found associated with the virus particles at a density of 1.41. Another 5 to 10% of the PFU was associated with HA peak at density 1.38, and the rest was scattered throughout the gradient.
The viral band at cesium chloride density of 1.40 to 1.41 was reequilibrated in a second cesium chloride gradient. After reequilibration, there was a single peak of virus at a density of 1.41 (Fig. 3) . The peak fractions from this gradient were used for all further virus and viral DNA studies.
Immunological characterization of KRV. To determine whether KRV grown in the rat nephroma cell line was altered in its antigenic properties, HI studies were carried out comparing the original stock virus and the virus after growth in the nephroma cell line. Antiserum preparations from two different sources were used in the assays. These studies indicated that the purified KRV retained its original antigenic properties after 20 to 60 passages in the rat nephroma cell line. The antiserum titer was the same for the original stock virus and for the virus purified after passage in the nephroma cell line.
Properties of KRV. Chemical analysis of the virus was carried out by using the Burton modification of the diphenylamine assay for DNA (5) and the Lowry protein assay (14) . If radioisotope was found in the fraction with a density of 1.71 to 1.72 g/cm3. This is in agreement with the density of 1.72 g/cm3 recently reported (23) . Isopycnic centrifugation in the Beckman model E analytical centrifuge was also carried out to determine the density of KRV-DNA. M. lysodeikticus DNA with a density of 1.732 g/cm3 was used as a marker. Both DNA preparations were homogeneous and equilibrated as sharp distinct bands. The density of KRV-DNA was calculated to be 1.715 g/cm3 (15) . This density could correspond either to single-stranded DNA containing 41% guanine plus cytosine (GC) or to double-stranded DNA containing 56% GC (24) .
The base composition of KRV-DNA was then chemically determined. Table 1 shows the distribution of radioactivity in the four deoxynucleotides. The amount of radioactivity recovered in each nucleotide was taken to represent the relative amount of the corresponding nucleotide in the DNA. KRV-DNA was found to contain 26.7% adenine, 30.8 % thymine, 20.0% guanine, and 22.5 % cytosine. There was no significant difference between the base compositions calculated from the 3' and 5'-hydrolysates. The recovery of the radiosotope applied to the electrophoresis paper varied in these three experiments from 91 to 95%O. The DNA did not contain equimolar amounts of adenine and thymine or of GC. Thus, the DNA is probably single-stranded in nature.
Further indications of the single-stranded nature of the KRV-DNA came from thermal denaturation experiments and reaction of the extracted DNA with formaldehyde. When KRV-DNA was subjected to an increase in temperature from 28 to 104 C, no change in OD260 was observed from 28 to 48 C. A gradual increase in optical density was observed from 50 to 100 C (Fig. 6) . The increase at 100 C was 12.8%c. When the DNA was quickly cooled in ice, no residual hyperchromicity remained. As a control, mouse spleen DNA, a gift from Dr. Martin, was run at the same time and under the same conditions as KRV-DNA. The mouse DNA exhibited the sharp melting temperature characteristic of doublestranded DNA. The Tm at 86.5 C is in agreement with that reported by Marmur and Doty (17) . The increase in optical density was 84 %. When the DNA from the mouse spleen was cooled quickly in ice, approximately 30% of the hyperchromicity was retained. The lack of a sharp Tm and low residual hyperchromicity with KRV-DNA is a further indication of its single-stranded nature.
The extracted KRV-DNA was also found to react with formaldehyde. Native and heat-denatured salmon sperm DNA were used as controls. The KRV-DNA and the heat-denatured salmon sperm DNA both showed an increase in absorption at 260 nm of approximately 18%. An increase in E260 of 16.4% was reported (23 KRV-DNA cosediments with the polyoma virus DNA-component II (Fig. 7) . The two peaks of radioisotopes are superimposed. Thus KRV-DNA appears to have a sedimentation rate identical to or close to that of single-stranded polyoma virus DNA. Purified polyoma virus component II was also cosedimented with purified KRV-DNA under the same conditions as above. The sedimentation rates of the two viral DNA species are again very similar (Fig. 8 ). KRV appears to migrate one fraction faster than the single-stranded polyoma DNA. The distance sedimented in the sucrose gradient of each viral DNA was shown to be equal to its sedimentation coefficient (3, 4) . From the two experiments reported, the sedimentation coefficient of KRV-DNA was calculated to be 16.1 ai 0.1. For linear, alkalidenatured DNA, Studier reports the following relationship: S20, w = 0.528 M0-400 when M molecular weight (27) . By using the above 520, value, the molecular weight of KRV-DNA can be calculated to be 1. (6, 19, 28) . Their buoyant densities are also very similar, although they were measured under different conditions. For MVM and 4X174, the buoyant densities were determined by analytical equilibrium centrifugation in cesium chloride in a Spinco model E ultracentrifuge. To determine an approximate buoyant density for infective KRV, isopycnic centrifugation of the virus in CsCl in a Spinco model L centrifuge was used. The density of the fractions containing the peak of HA activity and infectivity was then determined.
The sedimentation coefficient of KRV is reported here to be approximately 122. The S20 . was determined by zonal centrifugation of KRV with polyoma virus and SV40 viruses as markers. The sedimentation coefficients of KRV determined separately with each marker virus varied from each other by less than 3%. This method of determination of S20, has the advantage of using a small amount of virus material, i.e., less than 0.02 ,ug. The distance sedimented in the gradient was shown by many workers to be almost exactly proportional to the sedimentation coefficient (3, 4) . The (21) . All of these small DNA-containing viruses are probably closely related.
DNA was extracted from KRV and its base composition, density melting temperature profile, and reaction with formaldehyde were determined. All of these criteria indicated that the DNA was single-stranded in nature. MVM and 4X174 were also reported to contain singlestranded DNA by using these same criteria (25, (27) . The molecular weight of 4X174 and MVM were determined by different methods (7, 8) . The three molecular weight values are identical ( 
